Synthesis and characterization of silver nanoparticles filled epoxy composite by Nurul Akma, Reduan
  
 
SYNTHESIS AND CHARACTERIZATION OF 
SILVER NANOPARTICLES FILLED EPOXY 
COMPOSITE 
 
 
 
 
NURUL AKMA BINTI REDUAN 
 
 
 
 
 
 
Master of Engineering (Chemical) 
 
UNIVERSITI MALAYSIA PAHANG 
 
 SUPERVISOR’S DECLARATION 
We hereby declare that, we have checked this thesis and in our opinion, this thesis is 
adequate in terms of scope and quality for the award of the degree of Master of 
Engineering (Chemical). 
 
 
 
_______________________________ 
 (Supervisor’s Signature) 
Full Name  : DR. SURIATI BINTI GHAZALI 
Position  : SENIOR LECTURER 
Date   :  
 
 
 
_______________________________ 
 (Co-supervisor’s Signature) 
Full Name  : DR. SAIDATUL SHIMA BINTI JAMARI 
Position  : SENIOR LECTURER 
Date   : 
 STUDENT’S DECLARATION 
I hereby declare that the work in this thesis is based on my original work except for 
quotations and citations which have been duly acknowledged. I also declare that it has 
not been previously or concurrently submitted for any other degree at Universiti Malaysia 
Pahang or any other institutions.  
 
 
_______________________________ 
 (Student’s Signature) 
Full Name : NURUL AKMA BINTI REDUAN  
ID Number : MKC 14004 
Date  :  
 
  
 
SYNTHESIS AND CHARACTERIZATION OF SILVER NANOPARTICLES 
FILLED EPOXY COMPOSITE 
 
 
 
 
NURUL AKMA BINTI REDUAN 
 
 
Thesis submitted in fulfillment of the requirements 
for the award of the degree of 
Master of Engineering (Chemical) 
 
 
 
 
Faculty of Chemical & Natural Resources Engineering 
UNIVERSITI MALAYSIA PAHANG 
 
JULY 2018 
 
 
ii 
ACKNOWLEDGEMENTS 
First and above all, I praise God, the Almighty for providing me this opportunity and 
granting me the capability to proceed my study successfully. I am thankful to my 
honourable supervisors, Dr. Suriati Binti Ghazali and co-supervisor, Dr. Saidatul Shima 
Binti Jamari, for their guidance, support and encouragement throughout the course of my 
graduate studies. I have learned so much from them in so many ways, especially how to 
be independence scientist with out of box thinking. Their guidance during the course of 
this work allowed me to grow as a scientist, a teacher and overall sensible human being. 
I would like to acknowledge Ministry of Higher Education and Universiti Malaysia 
Pahang (UMP), Malaysia for funding of this work under grant number of RDU121413 
and GRS1503147. In this regards, I would like to thank to Associate Professor. Dr. Cheng 
Chin Kui, Deputy Dean of Research and Post Graduate Studies, Assoc. Prof. Mohammad 
Dalour Hossen Beg for his valuable suggestion during my proposal defense and Dr Mohd 
Bijarimi Bin Mat Piah for his advice and knowledge. I would like to extend my gratitude 
to the technical staff, lab technician, faculty staff and members of Chemical and Natural 
Resources Engineering during my postgraduate studies, I enjoyed working with you and 
learning from all of you. 
I wish to express my sincere thanks to my husband, Airoddin bin Paiman, who has loved 
me unconditionally, advice and unconditional support. Through every hardship or 
accomplishment, he has been behind me every step of the way and this work is a direct 
result of that. I know that you have made a lot of sacrifice to help me to achieve my goals 
and I am praying that the Almighty will repay your sacrifice back. Very special thanks to 
my mother, Faridah binti Yusop for unconditionally support and encourage me to further 
study at this level. Lots of thank to my entire family members and their love and 
unwavering support has always been the bedrock upon which every worthwhile 
achievement in my life has been built. 
 
 
v 
TABLE OF CONTENT 
DECLARATION 
TITLE PAGE  
ACKNOWLEDGEMENTS ii 
ABSTRAK iii 
ABSTRACT iv 
TABLE OF CONTENT v 
LIST OF TABLES ix 
LIST OF FIGURES x 
LIST OF SYMBOLS xiii 
LIST OF ABBREVIATIONS xv 
CHAPTER 1 INTRODUCTION 1 
1.1 Background of the Study 1 
1.2 Problem Statement 3 
1.3 Research Objective 6 
1.4 Scope of Research 6 
1.5 Significant of Research 7 
CHAPTER 2 LITERATURE REVIEW 8 
2.1 Introduction of Nanomaterial 8 
2.2 Nanoparticles 9 
2.3 Synthesis of AgNPs 10 
2.3.1 History of the Synthesis of AgNPs 10 
vi 
2.3.2 Chemical Method 11 
2.3.3 Physical Method 14 
2.3.4 Biological Method 16 
2.3.5 A Summary for Synthesis Method 18 
2.4 Optical Properties of Silver Nanoparticles 18 
2.4.1 Surface Plasmon Resonance 19 
2.4.2 Colour 21 
2.5 Factors Affecting the Properties of AgNPs 24 
2.5.1 Reaction Temperature 24 
2.5.2 The Concentration of Sodium Chloride 26 
2.5.3 The Concentration of Precursor Salt 29 
2.6 Silver Nanoparticles Composite 31 
2.7 Effect of Filler Loading on Properties of Nanocomposite 34 
2.8 Summary of Literature Review 39 
CHAPTER 3 METHODOLOGY 42 
3.1 Introduction 42 
3.2 Materials and Solvent 42 
3.3 Research Design 43 
3.4 Synthesis and Characterization of Silver Nanoparticles 44 
3.4.1 Preparation of Silver Nanoparticles 45 
3.5 Characterization of Sols Silver Nanoparticles 46 
3.5.1 Ultraviolet-visible absorption spectroscopy (UV-Vis) 46 
3.5.2 X-Ray Diffraction analysis (XRD) 46 
3.5.3 Inductive Coupled Plasma Mass Spectroscopy (ICPMS) 47 
3.5.4 Field emission scanning electron microscopy (FESEM) and 
Image-J Software Analysis 47 
vii 
3.5.5 Transmission Electron Microscopy (TEM) 47 
3.6 Thin Film Composites Preparation 48 
3.6.1 Preparation of Unfilled Composites Thin Film 48 
3.6.2 Preparation of Silver Nanoparticles Filled Epoxy Composite   
Thin Film 48 
3.7 Characterization of Silver Nanoparticles-Filled Epoxy Composite 51 
3.7.1 Differential Scanning Calorimeter (DSC) 51 
3.7.2 Field Emission Scanning Electron Microscopy (FESEM) 51 
3.7.3 Fourier Transform Infrared (FTIR) 51 
3.7.4 Thermal Gravimetric Analysis (TGA) 52 
3.7.5 Dynamic Mechanical Analysis (DMA) 52 
CHAPTER 4 RESULTS AND DISCUSSION 53 
4.1 Introduction 53 
4.2 Synthesis of Silver Nanoparticles 53 
4.2.1 Colour 53 
4.2.2 Stability 56 
4.2.3 Transmission Electron Microscope (TEM) 58 
4.2.4 X-Ray Diffraction Analysis (XRD) 59 
4.3 Synthesis of Silver Nanoparticles by Chemical Reduction Method 60 
4.3.1 Effect of Reaction Temperature 60 
4.3.2 Effect on Concentration of Sodium Chloride 65 
4.3.3 Effect on Concentration of Silver Nitrate 71 
4.4 Aqueous to Organic Phase Transfer Technique 74 
4.5 Curing Analysis 76 
4.6 Effect of Filler Loading on the Properties of Silver Nanoparticles-filled       
Epoxy Composites 78 
viii 
4.6.1 Light Transmittance Properties and Morphology Study 78 
4.6.2 Functional Group Analysis 81 
4.6.3 Thermal Stability Analysis 85 
4.6.4 Thermal Properties by DSC 88 
4.6.5 Thermo-Mechanical Properties 90 
CHAPTER 5 CONCLUSION AND RECOMMENDATIONS 94 
5.1 Conclusion 94 
5.2 Recommendations for Future Work 95 
 
REFERENCES 96 
APPENDIX A1 Result of Inductively Coupled Plasma Mass Spectrometry 
(ICPMS) 120 
APPENDIX A2 Sample Calculation of Inductively Coupled Plasma Mass 
Spectrometry (ICPMS) 121 
APPENDIX B1 Calculation for Mass of Filler, 𝒎𝒇 at Different Volume          
Percent (vol %) 122 
APPENDIX B2 Calculation for Volume of Silver Nanoparticles at Different 
Volume Percent 123 
APPENDIX C LIST OF PUBLICATION 124 
APPENDIX D LIST OF CONFFERENCE 125 
 
 
ix 
LIST OF TABLES 
Table 2.1  Summary of Synthesis Method                                                               18 
Table 2.2  Summary on the effect of filler loading                                                  39 
Table 3.1 List of chemicals used in this work                                                        42 
Table 3.2   Parameter of the prepared AgNPs at different concentration                   
of NaCl, AgNO3 and temperature respectively                                      46 
Table 4.1  Absorption peak and wavelength at different reaction             
temperature                                                                                             62 
Table 4.2 Absorption peak and wavelength at different concentration NaCl         67 
Table 4.3 Absorption peak and wavelength at different concentration AgNO3     72 
Table 4.4 Thermal behaviour of epoxy and AgNPs-filled epoxy composite         87 
 
 
 
 
 
 
 
 
 
 
 
 
x 
LIST OF FIGURES 
Figure 2.1 Flow chart for the synthesis route of AgNPs                                          10 
Figure 2.2 Formation of uniform spherical, size and well-dispersed of               
AgNPs by CTAB and NaBH4                                                                 13 
Figure 2.3 Schematic of the metal nanoparticles synthesis by laser                 
ablation method                                                                                      15 
Figure 2.4 Synthesis of AgNPs by using the root extraction of biological         
method                                                                                                    17 
Figure 2.5 Schematic of electromagnetic radiation with metal                
nanoparticles: (a) Spherical shape, (b) Rod shape, (c) SPR                 
band of spherical silver and (d) SPR band of rod-shape          
nanoparticles                                                                                           21 
Figure 2.6 UV-Vis light: (a) in the white light and (b) the scattered light               22 
Figure 2.7 The effects of size and shape metal nanoparticles towards its          
coloring at stained glass window                                                            23 
Figure 2.8 Color changes with respective ordered to the different            
concentration of AgNO3 in the synhtesis of AgNPs                               24 
Figure 2.9 TEM images of Au nanoparticles obtained at different NaCl 
concentration: (a) lowest concentration, (b) medium              
concentration and (c) highest concentration                                           28 
Figure 2.10 Standard XRD diffraction of pure Ag                                                    30 
Figure 2.11 FESEM images of AgNPs composite at various filler                    
loadings: (a) 3 vol%, (b) 5 vol% and (c) 8 vol% at                
magnifications of 310X                                                                          36 
Figure 2.12 TGA proposed reactions for thermal degradation of                        
poly(2-hydroxyethyl methacrylate), PHEMA polymer                          38 
Figure 3.1 Methodology of Synthesis AgNPs in Epoxy Composites                      44 
Figure 3.2 Flow chart for preparation of AgNPs- filled epoxy composite              
thin film                                                                                                  50 
Figure 4.1 Optical images of AgNPs synthesized at different parameters;                
(a) reaction temperature (b) NaCl concentration and (c) AgNO3 
concentration                                                                                           54 
Figure 4.2 UV-Vis spectra of silver hydrosols (a) at 2 hours (b) after 14              
days and (c) after 1 month. At optimum condition; T: 60°C,          
AgNO3: 1.00 mM, NaCl: 3.0 mM, CTAB: 16.00 mM and              
NaBH4: 4.00 mM respectively                                                                56 
Figure 4.3 TEM images of synthesized AgNPs at (a) at magnification                     
80 kX and (b) at magnification 160 kX. The condition are              
AgNO3: 1.00 mM, NaCl: 3.00 mM, CTAB: 16.0 mM,                    
NaBH4: 4.0 mM and T: 60°C respectively                                             58 
xi 
Figure 4.4 Representative XRD patterns of AgNPs at at 1.00 mM of               
AgNO3, NaCl: 3.00 mM, CTAB: 16.0 mM, NaBH4:                              
4.0 mM and T: 60°C respectively                                                           59 
Figure 4.5 UV-Vis spectra of different reaction temperatures using                  
AgNO3: 1.00 mM, NaCl: 3.0 mM, CTAB: 16.00 mM and               
NaBH4: 4.00 mM                                                                                    60 
Figure 4.6 FESEM images of AgNPs at temperature (a) 45°C, (b) 60°C,                 
(c) 75°C and (d) 90°C and histogram of population size for                 
AgNPs at temperature (i) 45°C, (ii) 60°C, (iii) 75°C and                        
(iv) 90°C respectively at condition of AgNO3: 1.00 mM, NaCl:            
3.0 mM, CTAB: 16.00 mM and NaBH4: 4.0 mM and at                      
30kX of magnification                                                                            64 
Figure 4.7 UV-Vis on different concentration of sodium chloride at                         
T: 60°C, AgNO3: 1.00 mM, CTAB: 16.00 mM and                          
NaBH4: 4.00 mM respectively                                                                66 
Figure 4.8 FESEM images on NaCl concentration at (a) 0.0 mM, (b)                      
3.0 mM and (c) 30.0 mM with magnification 20, 000X and          
histogram on particles size at (i) 0.0 mM, (ii) 3.0 mM and                     
(iii) 30.0 Mm at condition of T: 60°C, AgNO3: 1.00 mM,                 
CTAB: 16.00 mM and NaBH4: 4.00 mM at 20kX of              
magnification                                                                                          69 
Figure 4.9 UV-Vis spectra at different concentration of AgNO3 with              
condition at T:60°C, NaCl: 3.0 mM, CTAB: 16.00 mM                         
and NaBH4: 4.00 mM respectively                                                         71 
Figure 4.10 FESEM and histogram at different concentration of AgNO3:                 
(a), (i) 0.25 mM, (b), (ii) 0.50 mM, (c), (iii) 0.75 mM, (d),                        
(iv) 1.00 mM and (e), (v) 1.25 mM respectively at 30kX                           
of magnification                                                                                      74 
Figure 4.11 Photograph of series in the transferring process: (a) original            
AgNPs sols and after adding isopropanol, IPA and toluene                    
(b) before and (c) after transferring process                                           75 
Figure 4.12 DSC profile of uncured (wet) epoxy polymer                                        76 
Figure 4.13 DSC of cured sample for neat epoxy polymer                                        77 
Figure 4.14 Photograph of disk thin film specimens of epoxy incorporated-        
AgNPs (a) pure epoxy polymer, (b) 0.2 vol%, (c) 0.6 vol%                   
and (d) 1.0 vol% that placed over a printed page in order to           
evaluate the light-transmittance characteristics                                      78 
Figure 4.15 Photograph of FESEM (a) Pure epoxy polymer, (b) 0.2 vol%,                
(c) 0.6 vol% and (d) 1.0 vol% at 2kX magnification and                         
(e) 1.0 vol% at 10kX magnification                                                       80 
Figure 4.16  FTIR of epoxy polymer and at different loading of AgNPs-                 
filled epoxy composite                                                                            82 
Figure 4.17 Focused FTIR of epoxy polymer at different loading of                   
AgNPs filled-epoxy composite                                                               84 
xii 
Figure 4.18  TGA curve of epoxy polymer and at different loading of                
AgNPs- filled epoxy composites                                                            86 
Figure 4.19 DTG curve of epoxy polymer and at different loading of                 
AgNPs- filled epoxy composites                                                            86 
Figure 4.20 DSC curve of pure epoxy and at different loading AgNPs-                  
filled epoxy composite                                                                            90 
Figure 4.21 Thermal properties of pure epoxy and at different loading                       
of AgNPs-filled epoxy composite; (a) storage modulus and                   
(b) tan delta                                                                                             92 
 
xiii 
LIST OF SYMBOLS 
α Alpha 
Å Angstrom 
cm centimetre 
Cu Copper 
° Degree 
°C Degree Celsius 
δ Delta 
C=C Double bond 
Fe Ferum 
Tg Glass Transition 
g Gram 
Au Gold 
Hz Hertz 
> Is greater than 
˂ Is less than 
kV Kilo Volt 
λ Lambda 
E’’ Loss Modulus 
Mpa Mega Pascal 
μ Micro 
mL Mili-Litre 
mM Mili-Molar 
x Multiple or Times 
nm Nanometre 
- Negative or negative charge 
N Newton 
Ni Nikel 
N2 Nitrogen 
cm-1 One per centimetre 
Pd Palladium 
( ) Parentheses 
% Per cent 
Pt Platinum 
. Point 
xiv 
+ Positive or positive charge 
Q Power Unit 
: Ratio or colon 
I, II,..i,.. Roman Numeric System 
Ag Silver 
C-C Single bond 
/ Slash 
E’ Storage Modulus 
ϴ Theta 
$ US dollar 
X1 Variable 1 
x2 Variable 2 
V Volt 
W/g Watt per gram ( Heat Flow) 
0 Zero electron 
Zn Zinc 
ZnO Zinc Oxide 
xv 
LIST OF ABBREVIATIONS 
BH4- Anion Borohydride 
CTAB Cetyltrimethylammonium bromide 
CTAC Cetyltrimethylammonium chloride 
Cl- Chloride ion 
DTG Derivative thermal gravimetric analysis 
DSC Differential scanning calorimeter 
1D 1 dimensional 
2D 2 dimensional 
3D 3 dimensional 
DTAB Dodecyltrimethylammonium 
DMA Dynamic mechanical analysis 
FCC Face center cubic 
FESEM Field emission scanning electron microscopy 
FTIR Fourier transform infrared 
H2 Hydrogen gas 
OH Hydroxide 
ICPMS Inductive coupled plasma mass spectroscopy 
IPA Isopropanol 
Ag0 Metallic silver 
Tm Melting temperature 
PVA Poly-vinyl alcohol 
PVP Poly(vinylpyrrolidinone) 
pH Potential of hydrogen 
PCB Printed circuit board 
rpm Revolutions per minutes 
SEM Scanning electron microscopy 
AgNPs Silver nanoparticles 
NaBH4 Sodium borohydride 
NaCl Sodium chloride 
Ag+ Silver ion 
AgNO3 Silver nitrate 
SPR Surface plasmon resonance 
T5,10, 50 Temperature degradation at 5, 10 and 50 per cent of weight loss 
TGA Thermal gravimetric analysis 
xvi 
TEM Transmission electron microscopy 
UV-Vis Ultraviolet-visible absorptions spectroscopy 
XRD X-ray diffraction analysis 
